This work consists of two stages; first, studies were conducted to evaluate the potential reactivity of crushed material (6-20 mm fraction) from two quarries (named A and B) producing basaltic aggregates in the northeast of Argentina (Mesopotamia region, province of Corrientes). The studies included petrographic analysis, identification of expandable clay by X-ray diffraction, and standardized physical tests on mortar bars and concrete prisms to evaluate their potential reactivity. Also, dissolved silica was determined according to the chemical test method. Although the studied aggregates cannot be qualified in the same way based on the results of the physical tests, there is a direct relationship between the glass and expandable clay content in the samples (quarry A aggregate > quarry B aggregate) and their behavior in the physical and chemical tests (higher values for aggregates A). In the second stage, two structures of the province of Corrientes were studied: an urban pavement (made with aggregate A) and an airport runway (made with aggregate B), both with signs of alkali-silica reaction (ASR). A visual survey was carried out and concrete cores were extracted. On the latter, physical tests, petrographic studies, and SEM-EDS determinations were performed to identify reaction products. In the urban pavement, aggregate A, used as coarse aggregate, and the presence of siliceous sandstones rich in chalcedony and microcrystalline quartz in the fine aggregate would have contributed to ASR development, while in the airport runway, the initial deterioration would have favored the ASR as a secondary process.
Introduction
Basaltic rocks are one of the main sources of coarse aggregates for concrete manufacture worldwide. In Argentina, these types of rocks are widely distributed and also occur as constituents of natural sands and gravel. They are one of the main sources of coarse aggregates for concrete manufacture due to their good physical and mechanical properties. However, in several regions of Argentina, as well as in other countries, such as Australia, Brazil, Czech Republic, China, Iceland, Italy, Japan, Mexico, New Zealand, Turkey and Portugal, concrete structures built with basaltic aggregate (airport runways, dams, pavements, among others) have deteriorated due to the development of the alkali-silica reaction (ASR; Guömundsson and Ásgeirsson 1975; Shayan and Quick 1988; Katayama et al. 1989 Katayama et al. , 1996 Marfil et al. 1998; Munhoz et al. 2008; Román et al. 2008; Vola et al. 2011 ).
The ASR is the chemical reaction that occurs between the hydroxyl ions (OH − ) present in the concrete pore solution, together with alkaline ions that also participate in the reaction (mainly Na + , K + and Ca
2+
), and the Si-O-Si networks of the reactive siliceous aggregates (Ichikawa and Miura 2007) .
This process produces hydrated alkaline silicates that expand in the presence of moisture, causing internal cracking. As the concrete deteriorates, its permeability increases and water penetration contributes to the reaction.
This cycle continues until the concrete deteriorates past the point of serviceability (ACI 1992) . According to Wakizaka (2000) , the factors that control the dissolution of silica in the reactive aggregates are silica content, thermodynamic properties, specific surface and crystallinity.
According to Katayama et al. (1989) , when the silica content of the rock is more than 50%, the basalt can be potentially reactive and should be treated as an andesite in terms of reactivity. Generally, the reactivity of these rocks is attributed to the presence of amorphous material (volcanic glass) or microcrystalline silica present in intercrystalline voids (Wakizaka 2000; St John et al. 1998; Marfil and Maiza 2001; Korkanç and Tuğrul 2005; Goguel 1995; Valduga et al. 2006; Tiecher et al. 2009 ). These phases react quickly with the alkaline hydroxides present in the pore solution, dissolving easily to generate hydrated alkaline silicates that cause concrete deterioration (Wakizaka 2000; Tiecher et al. 2009; Broekmans and Jansen 1998; Leemann and Holzer 2005) . However, there are detailed studies that show that although the interstitial material (mesostasis) can present the optical characteristics of amorphous materials, it corresponds to a mixture of volcanic glass and other crystalline interstitial phases such as potassium feldspar, quartz and clays (Gomes 1996; Tiecher 2006; Tiecher et al. 2012) .
The standard test methods commonly used to evaluate the potential alkali reactivity (accelerated and not accelerated) do not always have matching results, especially for basaltic rocks (Couto 2008; Sanchez 1988) . On the other hand, there are also aggregates that test as potentially reactive in the laboratory, but, in concrete structures, are nonreactive (Tiecher et al. 2012) . Therefore, both the methods used to evaluate the potential reactivity and the determination of the phases that participate in the ASR are still the object of worldwide discussion.
The purpose of the present work is to compare two basaltic rocks from the northeast of Argentina, with different potential alkali reactivity using petrographic, physical and chemical methods, and evaluate their performance in concrete, studying two structures built with these materials.
Location and geological setting
The basaltic rocks studied are located in the province of Corrientes (Argentina). This province, together with Misiones and Entre Ríos provinces, forms part of the Argentine Mesopotamia, limited to the west by the Paraná River and to the east by the Uruguay River (Fig. 1a) .
In this region, outcrops of the Chacoparanaense basin occur Silva Busso 1999) , which are composed of sedimentary and volcanic rocks with ages from Paleozoic to recent. The thickness is variable; the greatest depth is in the south, where it reaches more than 4500 m (Favetto et al. 2004) .
The volcanism in the area took place from the end of the Jurassic period and mainly during the Lower Cretaceous, associated with the opening of the Atlantic Ocean, forming the great Paraná igneous province (in South America).
This dominantly eruptive basaltic event, mainly tholeiitic, of regional magnitude, extended over approximately 1,000,000 km 2 covering part of Argentine territory and the bordering countries, namely, Brazil, Uruguay and Paraguay.
An important feature of this basin is the basaltic succession (Fig. 1b) called Serra Geral Formation, which is composed of thick interstratified basaltic spills with clastic sedimentary rocks, occasionally with thermal metamorphism (Favetto and Pomposiello 2010) .
The basalt outcrops next to the Uruguay River to the east of Misiones and Corrientes and northeast of Entre Ríos. The thickness ranges between 800 and 1000 m, reaching 1930 m in Brazil .
These basalts are mainly compact, with dominant finegrained texture and dark gray to black color (Pezzi and Mozetic 1989) . Marfil et al. (2010) identified in the area a floor, usually of vesicular structure of very fine grains, with assimilation of the substrate, silicification by precipitation of cryptocrystalline silica from meteoric waters, and very vitreous. In the central part of the lava flows, the crystal size is greater, the texture is ophitic to subophitic, with nearly no glass, and the rock is holocrystalline.
At higher levels, the lithological characteristics are similar to those mentioned for the middle sector. Crystal development is slightly smaller, although the exogenous processes altered the rocks and developed an intersertal texture with argilization of the original minerals and glass.
Due to this great variability in the texture and volcanic glass content, it is important to carry out detailed studies of quarry fronts currently in operation in order to evaluate their potential reactivity.
Materials and methods

Materials
Two basalt quarries currently mined for concrete aggregates were studied. They are located in the province of Corrientes (Argentina). One is next to the city of Curuzú Cuatiá (quarry A) and the second one in the center of the province, to the west of Mercedes city (quarry B; Fig. 1a) .
In each quarry, visual observations of the fronts were made. Representative samples of the crushed material (6-20 mm fraction) were taken (~2 m 3 ) and reduced by quartering in the laboratory to obtain the portions used in the different tests.
Also, two concrete structures of the region were studied: an urban pavement of Curuzú Cuatiá city built in 1997, and a concrete pavement of Corrientes Airport (Fig. 1a) , both deteriorated by ASR. In the former, the rock from quarry A was used as coarse aggregate, while in the latter, the aggregate came from quarry B.
Methods
The aggregate samples of the two quarries were studied by:
-Petrographic examination (IRAM 1649 Institute of Standardization and Certification): A petrographic and mineralogical study of the samples was carried out following the guidelines of the standard (similar to ASTM C295, 2008). An Olympus trinocular stereomicroscope SZ-PT and a trinocular Leica DM750P polarization microscope were used. In order to complement the mineralogical characterization and to determine the presence of expandable clays, X-ray diffraction (XRD) studies were carried out on the fraction <2 μm on airdried samples, treated with ethylene glycol and calcined at 500°C. A Rigaku D-Max III-C diffractometer, working at 35 kV and 15 mA, using Cu Kα 1,2 radiation (λ = 1.541840 Å) filtered with a graphite monochromator in the diffracted beam, from 3°to 35°2θ with increments of 0.04°2θ and a counting time of 1 s per step, was employed. In addition, the percentage of volcanic glass and clays in each sample was determined with modal analysis on thin sections made with the crushed material (10 fields were analyzed). -Chemical analyses of major and minor elements were carried out on the 6-20 mm fraction of the two quarries at Bureau Veritas Mineral Laboratories (Canada). -Chemical test method (IRAM 1650 (IRAM , 1968 : Dissolved silica was determined for each sample according to the procedure of the standard (similar to ASTM C289, 2007). The samples were crushed to pass a # 50 (~300 mm) sieve and be retained on a # 100 (~150 mm) sieve, then washed and dried at 105°C. Twenty-five grams was placed in 1 N NaOH solution at 80°C for 24 h. An aliquot was brought to acidic pH, and dissolved silica was determined by gravimetry. Whitney and Evans (2010) -Accelerated mortar bar test (IRAM 1674 (IRAM , 1997 : This method is similar to that proposed in ASTM C1260 (2014) . To obtain the specific sizes, the aggregate was crushed, sieved and washed. One part of normal portland cement (NPC 40) with 0.82% of alkali equivalent content and 2.25 parts of aggregate with water-to-cement ratio 0.47 were used. For the mixing, demineralized water was used. Three molds of 25 mm × 25 mm × 300 mm were used. After 24 h in a moist chamber, the specimens were demolded, and a first reference reading was taken. Then, they were immersed in water at 80°C ± 2°C in a storage container for 24 h, and a zero reading was taken. Finally, they were immersed in a 1 N NaOH solution and placed in an oven at 80°C ± 2°C, taking periodic readings for 16 days (14 days in NaOH solution). -Concrete prism test (IRAM 1700 (IRAM , 2013 : This method is similar to that proposed by ASTM C1293 (2018). Coarse aggregate (6-20 mm fraction) specified by the standard was used. The material was washed, the densities were determined and the amounts were calculated for 1 m 3 concrete. NPC 40 with 0.82% of alkali equivalent content, and sand with a fineness modulus of 2.7, considered nonreactive when evaluated according to IRAM 1674 (1997) standard, were used. The alkali equivalent content was increased with NaOH (purity 98.15%, up to 5.25 kg/m 3 ). For the mixing, demineralized water was used. The cement content was 420 kg/m 3 , the fine aggregate/coarse aggregate ratio = 40/60 and the w/c ratio varied between 0.42 and 0.45. To obtain an adequate consistency to correctly fill the molds, 0.44 w/c was chosen. Three molds of 75 mm × 75 mm × 275 mm were used. After 24 h, the specimens were demolded, and the first reference reading was taken. They were then wrapped in saturated cotton cloth covered with polyethylene film, placed in a nylon bag with 5 ml of distilled water and hermetically sealed. The set of prisms was placed in a sealed container at a temperature of 23 ± 2°C to perform, after 24 h, the initial reading. Subsequently, they were placed in the moist chamber at 38 ± 2°C for 1 year, taking periodic readings after 1, 2, 4, 8, 13, 18, 26, 39 and 52 weeks. In each measurement, the containers were removed 24 h before to stabilize the reading temperature at 22 ± 2°C.
-Accelerated concrete prism test (IRAM 1700 (IRAM , 2013 : This method consists of making concrete prisms as mentioned before (in the non-accelerated version), raising the temperature from 38°C ± 2°C to 60°C ± 2°C in a similar way to that proposed by RILEM standard AAR-4.1 (Nixon and Sims 2016) . Periodic readings at 5, 8, 10, 13, 15 and 20 weeks were taken. The study periods are frequently extended, increasing the times established by the standards, to obtain more information.
The two concrete structures analyzed were studied by:
-Visual inspection. It focused on determining the type and degree of cracking, its distribution in the structure, the recognition of cracks associated with ASR, contraction phenomena on the surface of the pavement, and plastic or autogenous contraction. -Five concrete cores of 15 cm diameter were extracted from each structure, in accordance with the recommendations of IRAM 1551 (2000) standard. A visual inspection was carried out, and physical properties were determined (dry density, saturated density, dry surface, absorption, porosity, loss on ignition, unit content of dry fine and coarse aggregates) according to ASTM C 642 (2013) .
For the determination of the physical properties, subsamples were obtained by cutting the cores with a cutting disc provided with a diamond crown.
-Subsequently, observations with a stereomicroscope and a polarizing optical microscope on thin sections were made. The samples were then polished (abrasive up to 1 μm) and metallized with carbon for observation with Finally, the broken surfaces of concrete cores were observed by SEM-EDS to study the morphology and the semiquantitative chemical composition of the different reaction products.
Results
Aggregate samples
Petrographic examination and chemical analysis
Basaltic rocks can present variable composition and texture. Table 1 shows the results of the chemical analysis of major and minor elements. It can be seen that sample A has lower SiO 2 content than sample B, while the other components have similar percentages.
Considering the total alkali vs. silica contents (Le Bas et al. 1986 ), the rocks plot into the field of basalts, moving towards the intermediate limit with higher SiO 2 values (andesitic basalt) in sample B.
The rocks analyzed are compact basalts, lithologically homogeneous, with irregular cracks, fine grains, dark gray to black color, and aphanitic. They consist of a fine-grained mineralogical association, with intersertal to intergranular texture. They are composed of subhedral plagioclase tablets, fractured, with corroded and twinned edges. Frequently, these phenocrysts are partially albitized. In the intercrystalline spaces, partially altered clinopyroxenes (iron oxides/hydroxides), associated with opaque minerals, were observed. Some sectors present clay minerals with low birefringence, opaque minerals and apatite, the latter arranged in fine needles without preferential orientation in both rocks. In some areas, the paste is vitreous, conserving its isotropic characteristics. The alteration processes, especially those that affected the volcanic glass, generated clay minerals that are also located in the microcracks of the primary minerals. By XRD, the clay present was determined as smectite-type (expandable), being abundant in aggregate A, while in aggregate B it was not recognized by this method due to the low proportion in the sample (Fig. 2) . Figure 3 shows the textural differences between both samples. The rock of quarry A has intersertal texture, and the grain size ranges between 200 μm and 300 μm.
In some sectors, xenoliths of a rock of similar composition, greater crystal development and microcrystalline texture were observed. They are composed of plagioclase crystals, clinopyroxenes and opaque minerals (Fig. 3a) .
In the intercrystalline spaces, smectite is recognized as the alteration product of volcanic glass, together with opaque minerals (Fig. 3b) . In the rock of quarry B, the content of opaque minerals is lower, although the proportion of iron oxides/hydroxides associated mainly with clinopyroxenes is higher. In the intercrystalline plagioclase spaces (300-600 μm) locally sericitized, fresh sanidine crystals were recognized, sometimes associated with microcrystalline quartz (< 62 μm) developing poikilitic and micrographic textures (Fig.  3c) . Quartz, associated with adularia, was also identified (Fig.  3d) . The presence of these minerals explains the higher SiO 2 content of this sample with respect to sample A. No xenoliths were recognized. Table 2 lists the glass and clay content determined by modal analysis on the crushed basaltic rocks. The sample from quarry A has nearly 3% of glass, considered as a limit value to qualify an aggregate as potentially reactive according to Argentine regulations (IRAM 1531 (IRAM , 2016 . On the other hand, the crushed rock from quarry B presents values below the mentioned limit. The clay content does not exceed the maximum value (5%) established by the above-mentioned standard for both quarries; however, the value in sample A is more than twice that of sample B.
Determination of dissolved silica (IRAM 1650 (IRAM , 1968 According to previous work on this test and type of rock (Rocco et al. 2012 ), values higher than 20 mg allow classifying the rocks as potentially reactive. The results show that the dissolved silica content is higher in aggregate A, while in B, it is <10 mg (Table 3) .
Accelerated mortar bar test (IRAM 1674, 1997) Table 4 lists the expansion results of the mortar bars corresponding to the crushed rock samples from the two quarries. Figure 4 shows that both samples have expansion values that exceed the maximum limit of 0.10% established to qualify the aggregates as potentially reactive, according to this test. The quarry B aggregate showed an expansion value of 0.207% at 16 days, while the aggregate A expansion was 0.498%.
Concrete prism test (IRAM 1700, 2013) Table 5 and Fig. 5a show the expansion results for both samples up to 52 weeks. It can be seen that until 18 weeks they both have a similar behavior; however, the expansion of the quarry A aggregate then increases almost linearly up to 0.089% at 1 year, exceeding the maximum of 0.04% established by the standard, qualifying the aggregate as potentially reactive. Considering that sample A shows a marked positive trend from 18 weeks onwards, the test was extended until 5 years of age to evaluate the evolution of that trend (Fig. 5b) . It is observed that the expansion increased until 2 years and then stabilized. Accelerated concrete prism test (IRAM 1700, 2013) Table 6 and Fig. 6 show the expansion results for the samples at 20 weeks. It can be observed that up to week 10 both have a similar behavior, but from week 13 onwards the aggregate from quarry B stabilizes, while that of quarry A continues expanding. However, none of the aggregates exceeds the maximum limit established by the standard for rapidly reactive aggregates (0.04% at the age of 13 weeks; IRAM 1531, 2016), qualifying both samples as nonreactive. 
Case studies
Urban concrete pavement (city of Curuzú Cuatiá)
Structure characteristics and visual inspection The pavement has a total width of 7.40 m, with a longitudinal joint in the center of the road and contraction joints every 5.0 m, forming rectangular slabs of 3.70 × 5.00 m. In correspondence with the sidewalks, the pavement has a concrete curb integrated into the slab whose thickness varies between 13.5 and 20.5 cm with an average value of 15.8 cm. Table 7 shows the results obtained from the visual inspection. Cracks assigned to ASR phenomena have erratic distribution, although in some sectors, they are preferentially oriented in a longitudinal direction (Fig. 7a) . They are empty or filled with whitish material. The cracking degree in most slabs is moderate to severe. Table 8 summarizes the results of the visual observation of cores. The presence of holes is scarce, reflecting acceptable compaction conditions for the structure type. Signs of segregation were not observed. The distribution of the main components (coarse aggregate and mortar) is homogeneous. Shallow and mass cracks due to ASR are observed (Fig. 7b) .
Visual inspection and physical properties of cores
Cracks in the concrete mass are developed preferentially along horizontal planes and intercepted by vertical map cracks. Reaction rims were observed around coarse aggregate particles with exudation of whitish products filling pores and cracks (Fig. 7c) . The core concrete is made of coarse aggregate of~19 mm maximum size. Table 9 lists the results of the physical properties determined for the cores and subsamples obtained from them.
Petrographic characteristics and SEM-EDS analysis
The coarse aggregate is the basalt from quarry A, as shown by the high percentage of clay and volcanic glass in the matrix. In addition, approximately 5% of siliceous sandstones composed of microcrystalline quartz and chalcedony are observed. The fine aggregate is natural sand consisting of quartz, siliceous and ferruginous sandstones, and chalcedony. With a petrographic microscope, reaction rims in the basaltic aggregates are not very evident (Fig.  7d) , although they are well-developed in the periphery of chalcedony-rich siliceous sandstones ( Fig. 7e and f) and in air voids. By SEM-EDS, massive and cracked gel-like products are recognized in the paste-aggregate interface and in air voids (Fig. 8a) , which correspond to calcium silicates (probably hydrated) with smaller amounts of sodium and potassium (Fig. 8c) . Lamellar to fibrous crystalline products arranged radially (Fig. 8b) are also recognized, which correspond to calcium, sodium and potassium silicates, with minor amounts of aluminum (Fig. 8d) . In the paste-fine aggregate interface, a thin layer of reaction material is also recognized (Fig. 8e) , corresponding Types of cracks: D (cracks attributable to deleterious phenomena or durability problems), VTC (vertical through-crack) NVTC (no vertical throughcrack) HC (horizontal crack). Deterioration degree: L = light; M = moderate; S = severe essentially to calcium silicates (Fig. 8f) . The mortar presents moderate microcracking, especially in sectors where the reaction minerals are concentrated. Some microcracks are filled with ettringite ( Fig. 8e and g ). The entrained air voids are partially or totally filled with ettringite ( Fig. 8h ) and the cement paste presents low carbonation.
Concrete pavement (airport of the city of Corrientes)
Structure characteristics and visual inspection The airport is located on national route no. 12, 5 km to the north of Corrientes city (Fig. 1a) . The pavement studied is 24 m wide and 250 m long, consisting of slabs 4.0 m long Degree of cracking: L = light; M = moderate; S = severe and 3.0 m wide. Two pavement concrete slabs corresponding to the original and repair slabs were differentiated. The concrete of the first one was made with natural gravel as coarse aggregate, while the repair slabs were manufactured from basaltic rocks. The latter were the ones selected for the study. The thickness of the slabs ranged between 31 cm and 36 cm with an average value of 33.2 cm. Table 10 shows the results obtained from the visual inspection. Cracks attributed to ASR phenomena have erratic map-like distribution, although in some sectors, they are oriented preferentially in a longitudinal direction. Cracks filled with whitish exudation material are common (Fig. 9a) . In most slabs, the degree of cracking is moderate. Visual inspection and physical properties of cores Table 11 summarizes the results of the core visual observation. The presence of holes is scarce, reflecting acceptable compaction conditions for this type of structure. No signs of segregation were observed. The distribution of the main components (coarse aggregate and mortar) is homogeneous. Some cores present erratic map cracks on the surface, without penetrating in depth. They are attributable to surface phenomena of contraction. Some cores present superficial cracks in the mass associated with ASR with whitish exudate material. The cracks are mainly developed along horizontal planes and are intersected by vertical map cracks, some of them through the aggregates (Fig.  9b ). Reaction rims are observed around coarse aggregate particles with associated whitish exudation products (Fig.  9c) . The paste is carbonated and the air voids are generally partially or totally filled with ettringite (Fig. 9d) . The concrete of the extracted core contains coarse aggregate of3 7.5 mm maximum size. Table 12 shows the results of the physical properties determined for the cores and subsamples obtained from them.
Petrographic characteristics and SEM-EDS analysis
The coarse aggregate is composed of quarry B basalt. Sixty percent of the coarse aggregates have a great amount of iron oxides/hydroxides, giving them a reddish-brown color. The fine aggregate is natural sand composed of quartz, siliceous and ferruginous sandstones, and chalcedony. The aggregates present scarce reaction rims; however, the main characteristic of the concrete studied is the strong carbonation of the cement paste and the presence of ettringite, widely distributed, filling cracks and empty spaces. SEM-EDS studies revealed the presence of whitish material associated with the reaction rims with massive appearance and cracked (Fig. 10a) , which corresponds to calcium silicates, probably hydrated (Fig. 10d) . Inside the coarse aggregates, some cracks filled with a cracked fine-grained material are observed (Fig. 10b) . On both sides of the crack, the material is composed of calcium silicate with minor amounts of aluminum, iron, sodium and potassium (Fig. 10e) . Inside the crack, the material has similar composition, although with lower iron content and higher calcium content (Fig. 10f) . In the paste-aggregate interface (Fig. 10c) , a material of similar composition is also recognized (Fig. 10g) . The air voids are filled with ettringite (Fig. 10h) .
Discussion
The results of the accelerated tests (mortar bar and concrete prism) and the conventional concrete prism test are not coincident in terms of the qualification of the samples with respect to their potential reactivity, as mentioned by other authors for this type of rock (Couto 2008; Sanchez 1988) . However, in general, there is a direct relationship between the results of physical and chemical tests and glass + smectitic clay contents (Fig. 11) .
Although sample A has lower silica content than sample B (SiO 2 = 49.61% vs. 55.19% by weight, respectively), the former has the highest percentage of volcanic glass (2.5% vs. 0.5%, respectively) and higher silica release (dissolved silica = 37 mg vs. 7 mg, respectively). This is undoubtedly the reason why all the physical tests show that quarry A aggregates are more reactive than those from quarry B. So the basaltic aggregates cannot be qualified using the chemical analysis of bulk samples, since their petrographic, mineralogical and textural characteristics are determining factors for evaluating their potential reactivity. Although the content of glass (0.5%) and smectites (<1%) in the aggregates from quarry B is very low, the sample qualifies as potentially reactive in the accelerated mortar bar test. This behavior can be explained by the presence of microcrystalline quartz in the rock matrix, which would have reacted quickly in conjunction with other phases of mesostasis, contributing to the early expansion recorded in the accelerated mortar bar test, similarly to those proposed by Tiecher et al. (2012) .
According to the results of the concrete prism test (which is generally taken as a reference to evaluate the potential alkali reactivity), the sample from quarry A must be classified as potentially reactive, while the sample from quarry B as nonreactive. The accelerated concrete prism test qualifies both samples as nonreactive according to the IRAM 1700 (2013) standard (<0.04% at 13 weeks), but at this time, aggregates from quarry A continue expanding. If the limit set by RILEM at 15 weeks (0.03%; Nixon and Sims 2016) is considered, this sample should be qualified as potentially reactive, in agreement with the conventional concrete prism method. This accelerated method is highly promising and begins to be recommended due to its good repeatability and reproducibility, and because it gives relatively rapid results (Lindgård et al. 2010 ). However, ASR was identified in the two structures studied.
On the one hand, the concrete of the urban pavement of the city of Curuzú Cuatiá presents high density and low porosity and absorption, which is consistent with the low paste carbonation and the poor development of secondary ettringite. However, the presence of quarry A aggregates and, in particular, the mixing with 5% of siliceous sandstones rich in chalcedony as coarse aggregate would have favored ASR development and the marked deterioration of the structure. Moreover, expandable clays would also have participated in Fig. 11 Relationship between the results of physical and chemical tests of samples A and B, and glass + smectitic clay contents (%) the processes associated with ASR, as proposed by other authors for this type of rock (Batic et al. 1994) . The pavement concrete of Corrientes city airport presents lower density with greater absorption and porosity, which is evidenced in the strong paste carbonation and the great distribution of ettringite in cracks and air voids. Although the concrete was manufactured with quarry B aggregates, qualified as nonreactive according to the conventional concrete prism test, the lower quality of the concrete would have favored the entry of moisture into the structure to react with the small amount of glass in the rock together with the microcrystalline quartz of the mesostasis and the chalcedony present in the fine aggregate, being sufficient sources for the development of the reaction products associated with the ASR. However, in this structure, ASR does not seem to be the cause of the initial deterioration, but a consequence of the loss of concrete quality.
Conclusions
1.
Aggregates from quarry A are classified as potentially alkali-reactive according to the accelerated mortar bar method and the conventional concrete prism test. At 13 weeks, the expansion determined in the accelerated concrete prism method (0.030%) does not exceed the limit of 0.04% established by the standard, although the expansion does not stabilize and reaches 0.035% and 0.037% at 15 and 20 weeks, respectively. The cause of this behavior is attributed to the presence of volcanic glass (2.5%), which would have been the source of silica for ASR development. Probably, there is also participation of expandable clays (2.2%), although additional studies are needed to understand the role of these smectites in the deterioration processes. 2. The aggregates from quarry B are classified as nonreactive according to the conventional and accelerated concrete prism methods, while in the accelerated mortar bar test, they are classified as potentially reactive. The content of glass and clays recognized in the mesostasis of the aggregates is very low (0.5% and < 1%, respectively); however, other components such as microcrystalline quartz in the rock matrix could have contributed to the early expansion recorded in the accelerated mortar bar test. 3. In the two concrete structures studied, ASR was determined, although with different degrees of intensity. The pavement concrete of the city of Curuzú Cuatiá has good physical characteristics. However, the use of the basaltic aggregates from quarry A, together with siliceous sandstones rich in chalcedony and microcrystalline quartz, would have contributed to the development of the reaction and cracking of the structure. The concrete pavement located in Corrientes Airport shows intense carbonation and cracking. The deterioration of the concrete (and its physical properties) would have favored the entry of moisture into the structure and the development of the ASR as a secondary process, due to the reaction with the mesostasis components and the coarse aggregate matrix (microcrystalline quartz) as well as to chalcedony present in the fine aggregate. 4. The conventional concrete prism test method was the only one that differentiated the reactive aggregate of quarry A from the nonreactive aggregate of quarry B, in agreement with their behavior in service. The accelerated methods showed divergence in the results, although sample A was always more reactive than sample B. The accelerated concrete prism test is promising in order to obtain relatively fast results; however, further research is needed in order to adjust the expansion limit considered and the age of testing.
